INTRODUCTION
Soil survey and soil mapping in the Republic of Macedonia started soon after the liberation (after World War II), in 1947. This process started with the survey of soils of Strumica valley. The Soil Survey Study, including a soil map of this valley in a scale of 1:50 000, was published in 1951 (Gj. Filipovski [1] ). These soil survey activities, in parallel to the preparation of soil maps and soil studies for our country, continued up to 2015. They lasted almost to seven decades. Only the author of this text took part in these researches over the entire period. All other contributors to the preparation of the soil maps (most of whom were collaborators of Prof. Gj. Filipovski) took part only during shorter or longer periods of time. Eight of these contributors, who are still active in this field, completed the soil map of the Republic of Macedonia including the soil survey in 2015. The other contributors to the soil mapping activities, regretfully, are not with us any longer. We remember them with great love, respect and gratitude for their contribution.
With the finalization of the Project for preparation of soil maps of the Republic of Macedonia, 62 maps were published (in printed and digital form) over the topographic elements of the topographic maps in a scale of 1:50 000 and one for the entire territory of the Republic of Macedonia in a scale of 1 : 200 000. In addition, 11 soil studies have been published: 10 studies for particular regions and one for the whole territory of the country comprising 1028 pages in total.
The eight authors who participated in this task (including the retired soil scientists) are professors at the Faculty of Agricultural Sciences and Food, Institute of Agriculture and the Faculty of Forestry, all being parts of the Ss. Cyril and Methodius University in Skopje. The authors of these maps and studies (in alphabetical order) are as follows: Andreevski [3, 4] , Vasilevski and Markoski [5] , Markoski et al. [6] , Mitkova et al. [7] , Mi-trikeski et al. [8, 9] , Mukaetov [2] , Petkovski [10] and Filipovski [11, 12] .
Besides the study of one particular region, Filipovski [12] wrote the study for the whole of the Republic of Macedonia. The other authors wrote the soil studies for 9 separate regions.
IMPORTANCE AND IMPLEMENTATION OF THE PUBLISHED SOIL MAPS AND STUDIES
The Project for preparation of soil maps and the studies have a fundamental and applicable character. They present our soils as an important natural and hard to renew resource, and as an important component of the natural ecosystems. Therefore, the results of these researches are being used in many basic sciences: botany (especially phytocoenology), ecology, zoology, geography, etc.
Soil maps are widely used in the construction industry (urban planning, infrastructure projects), spatial planning and creation of spatial plans, environmental projects, etc.
The results from soil survey and soil mapping are used by other soil related sciences: plant nutrition, soil microbiology, agrotechnics, hydrotechnics, etc.
Their use in agriculture is particularly wide, especially in agro-ecological zoning, cultivation of different crops, cultivation of perennial crops in viticulture and fruit growing, implementation of different agrotechnical and ameliorative measures (especially in irrigation and drainage), etc.
Their importance is also notable in forestry: cultivation and exploitation of forests, afforestation, implementation of anti-erosion measures, etc.
MAIN CHARACTERISTICS OF THE PROJECT
The Project for preparation of soil maps and studies has several specific characteristics which make it different from other projects in the field of soil science. These are:
1. Particularly long project duration. It started in 1947 and, with interruptions, lasted until 2015 or for a total of 68 years. This can be explained with its specifics: soil mapping requires that 'every foot of land' is examined. Besides, sometimes problems occurred with project funding. That resulted in work interruptions, time gaps or slowing down of the pace of work. And lastly, the great changes and turbulent times that our country went through during this long period of time inevitably had an impact on the project completion.
2. Involvement of a particularly large number of researchers. As described above, it was necessary to engage a particularly large number of contributors to the soil mapping. The soil study that is published together with the Soil Map of Macedonia (Filipovski [12] ) lists the names of all 24 researchers.
3. Participation of a large number of institutions in the creation of the project. Those were the institutions that employed these 24 researchers: MASA, Faculty of Agricultural Sciences and Food, Institute of Agriculture and Faculty of Forestry within the Ss. Cyril and Methodius University and the Tobacco Institute in Prilep, the Republic Institute for Water Management, the Rise Institute in Kočani, the Forestry Institute, the laboratories of some companies ('Agromehanizacija') and agricultural organizations. Some of these institutions do not exist any longer.
4. Expensive project. Due to the project research specifics, substantial financial resources had been used from different sources. The total amount is unknown. All the above mentioned institutions participated in the financing with budget funding. Beside them, financial support came from: the Directorate for Water Management, the Institute for Spatial Planning, agricultural complexes, water management companies, local councils and especially from the Federal and Republic Funds for Scientific Research. It should be particularly noted that without the expertise and the financial support provided by FAO (UN organization) in the amount of $ 340,000, the Project could not have been completed. Also, some of these institutions that took part in the financing of the Project do not exist any longer.
5. The use of numerous different soil classifications for preparation of legends for the cartographic units of soil maps. During the long period of the Project implementation, several national soil classifications were used, which reflected the level of the soil science at the time. Those classifications were based on different principles and criteria. As a result of that, the created maps had different legends. This caused a serious problem. Focusing all my efforts and knowledge on this problem, in 2008 I managed to compile one common legend from all these different ones. That enabled the creation of all 63 soil maps in 2015. This was achieved in correlation with all cartographic units of numerous legends with the taxonomic units from the last version of our soil classification of 2006 (Filipovski [13] ). This common legend was used in the creation of the soil maps published in 2015.
6. Digitalization of the soil maps and of the soil characteristics data base. During the first dec-ades of soil mapping, digitalisation was not possible. Digitalisation was achieved with FAO assistance and with the implementation of the soil information system (SOTER) prepared by FAO [14] .
CONDITIONS FOR PROJECT COMPLETION
The final Project activities took place between 2013 and 2015 when 63 soil maps in their final form were completed together with 11 study books on soil properties.
This work was successfully completed as a result of several conditions being previously fulfilled, among others most notable being the following:
1. As a result of the soil mapping, there was a large number of field soil maps drawn by hand, some of which were even in a printed form. There were soil studies and reports for these maps.
2. MASA financed and completed several projects which enabled or facilitated the creation of the common legend and the creation of the 11 study books on soils. The completion of these projects was crowned with the publishing of several monographs on the soils of Macedonia (Filipovski [13, [15] [16] [17] [18] [19] [20] [21] [22] [23] ). Some of these monographs are of vital importance for the completion of the Project, such as the monograph Soil Classification of the Republic of Macedonia published in 2006 (Filipovski [13] ), and the monograph on the Soils of the Republic of Macedonia in six volumes ), which were used for the creation of the 11 study books on soils published in 2015. Two more monographs were used for the creation of these studies: Soil degradation as a component of the environment in the Republic of Macedonia (Filipovski [21] ) and The Characteristics of the Climate Vegetation Soil Zones (Regions) in the Republic of Macedonia (Filipovski et al., [22] ).
3. It should be noted that after the publishing of the monograph on the soils of Macedonia, which presented all research results of the soils until its publishing, we had access to the most recent results from the doctoral and masters studies prepared by: Andreevski [24] , Vasilevski [25] , Markoski [26, 27] , Mitkova [28] , Mukaetov [29] and Jovanov [30] . These results were also used in creating of the 11 studies in 2015.
4. The final works in 2008 were of great importance for the Project completion. With the support of three of my collaborators (Petkovski, Mukaetov and Andreevski) , at the Institute of Agriculture, all the existing 140 field soil maps in a scale of 1 : 50 000 were gathered and stored, together with their legends and soil studies. A large number of these maps were in handwritten form. These data were kept in a number of institutions, funds or by the authors themselves. The collecting of this material was a hard and long process. Besides, the cartographic units indicated in the map legends were based on different classifications which used different criteria. After a long and hard work all these 140 legends with their cartographic units were correlated with the taxonomic units of the Soil Classification from 2006 (Filipovski [13] ) with an aim to achieve a common legend. The whole completed work was presented in a handwritten text of 102 pages. The text contained a list of all collected soil studies for the 140 soil maps. Without this work the Project for the soil maps of the Republic of Macedonia could not has been completed.
5. During this period of seven decades, the soil mapping was also made possible with the classification of the Macedonian and the former Yugoslav soils, made by several authors. The classification criteria from these soil classifications were used as a base to define the cartographic units and legends. A separate chapter will be dedicated to the problems related to soil classifications.
6. After 1963, the work on the creation of the soil maps was made easier thanks to the published monograph on the soils of Yugoslavia (Filipovski et al. [31] ). It resolved many questions related to soil classifications. In this monograph West European approaches in adoption of objective and measurable criteria for defining the taxonomic and cartography units were incorporated. This monograph motivated the process of creation of new versions of national soil classifications in former Yugoslavia, inspired by the international understandings and criteria of that time.
SOIL CLASSIFICATIONS USED FOR COMPOSING LEGENDS FOR SOIL MAPPING DURING 1947 -2015
In certain periods within these 70 years of soil surveying different classifications were used. In this respect, we can distinguish 5 periods:
1. The period between 1947 and 1959. During this period the scientific soil classification was not at a very high level. No international classification existed, and the soils in Yugoslavia had not been significantly researched to enable establishment of a good national soil classification. During this period Russian classifications were used (Rozov [32] ) which were hard to implement in our conditions. Legends were compiled using descriptions of Yugoslav soil types in the books of Stebut [33] and Gračanin [34] . The first national soil classification published by Gračanin [35] , was inaccurate as it was done at the time when the soils of Yugoslavia were not adequately researched. Therefore, soil mapping during this period was quite difficult.
2. The period between 1959 and 1963. Till the beginning of this period the soils in the valleys of Macedonia were thoroughly researched for 12 years, and a substantial amount of scientific data was collected. This enabled the creation of the first version of the soil classification of the Republic of Macedonia (Filipovski [36] ). It encompassed two categories of taxonomies (types and subtypes of the systematically researched soils in the valleys), and types for the mountainous soils, surveyed only with reconnaissance which is in fact an initial step in soil survey.
3. The period between 1963 and 1995. During this period the soil classification in the former Yugoslavia swayed considerably. An important contribution to this was the detailed soil monograph on the Yugoslav soils (Filipovski et al. [31] ) published in 1963. It presented all the known research results of the Yugoslav soils till then. The same year, a group of authors wrote the first version of the national classification of the Yugoslav soils up to the level of type (Neigebauer et al. [37] ). Later, again a group of authors compiled two new versions: in 1973 (Škorić et al. [38] ) and in 1985 (Škorić et al. [39] ). These two versions, as per the recommendation of the Yugoslav Soil Research Society, were used across all the republics of Yugoslavia for the purpose of creation of their soil maps. These classifications were based on measurable criteria and were detailed as they contained several categories of taxonomies (orders, classes, types, subtypes, varieties, and soil forms). It can be stated that with these classifications the soil mapping was made much easier as during field measurements they could define the taxon without any problems.
4. The period between 1995 and 2006. The monograph on our soils written during this period (Filipovski [15] [16] [17] [18] [19] [20] ) modifies and adjusts the last version of the Yugoslav soil classification (Škorić et al. 39) in accordance with the specifics of the soils in our country. It is used not only in the monograph but also in the research and soil mapping of the Macedonian soils during this period.
5. The period between 2006 and 2015. In 2006 the last version of the Macedonian Soil Classification was published (Filipovski [13] ). It applies contemporary criteria: 21 diagnostic horizons, 23 diagnostic characteristics and 27 diagnostic soil materials. All diagnostic horizons are quantitatively defined with specific parameters and therefore easily recognisable. They serve as a base for creation of our soil classification with precisely and measurably defined taxons out of the five categories (big soil group, soil types, subtypes, varieties and forms). That is why it was easily applicable. It is in essence a national classification based on the results of our well researched soils. This classification is also correlated with the international FAO classifications (Driessen et al. [40] , Dudal [41] ) and WRB (ISSS et al. [42] , IUSS et al. [43] ). As previously said, our classification was used for the soil mapping during this period. It also served for composing the common legend of all 63 soil maps that were published in 2015.
COMMON LEGEND FOR ALL MAPS
The process of creation of a common legend for all 63 printed maps in 2015 was described previously. Cartographic units from the national soil classification (2006) are presented in Table 1 , while the correlation of the national classification with the international classifications of WRB (ISSS et al. [42] , IUSS et al. [43] ) is presented in Table 2 . Table 1 below shows the common legend with all its cartographic units and areas covered with each unit.
The table shows that the common legend contains a total of 63 cartographic units. 17 of them contain only one soil type, and 46 are complexes, i.e. comprising several soil types.
The cartographic units are given by relief forms separately. There are 20 in mountainous relief forms, 28 in a hilly relief, 3 on sloppy terrains and 12 cartographic units in flat landforms. There are only few of the same cartographic units in several relief forms.
The Table 1 also represents the geography of our soils as it contains their surface areas in hectares. From the figures, it can be concluded that the surface areas of soils in the mountainous relief form represent 1.434.070 hа or 57,37%, in the hill land forms 698.159 hа or 27,93%, in hilly relief 160.394 hа or 6,42% and in flat relief forms 163.020 hа or 6,52% of the total surface area of our soils.
The cartographic units of the Тable 1 are corelated with the international soil classification of WRB. This is represented in Table 2 . 
THE CONTENTS OF SOIL STUDY BOOKS
The 11 soil study books mentioned in the introduction of this paper, contains same chapters in the same order. It was an agreement between the authors of the study books. The first written study (Filipovski [11] ) was used as a sample.
The results of the soil surveys for each of the 10 regions and for the whole of the Republic of Macedonia are presented in the following chapters:
1 The soil study for the whole territory of the Republic of Macedonia (Filipovski [12] ) contains one additional chapter on the history of soil mapping during the period of 1947-2015.
THE HISTORY OF CREATION OF SOIL MAPS OF THE REPUBLIC OF MACEDONIA (1994-2015)
The history of soil survey and soil mapping of Macedonia before 1947 have been described in other works (Filipovski [12, 15] ). Till the end of World War II there was not a single institution dealing with soil surveying. At the Agricultural Experimental and Control Unit in Skopje, established between the two world wars, there was not a soil scientist or soil science unit. A very limited research data related to soil properties exists from that period, mainly done by soil scientists from Belgrade. As far as the mapping is concerned, only one scheme-like soil map of the Skopje valley (Todorović [45] ) has remained, however without any laboratory analysis.
During World War II the Agricultural Experimental and Control Unit in Skopje was renamed as Agriculture Research Institute, however, still without a soil scientist or a soil science unit. There were no soil researches performed during this period. It can be said that until 1947, soil survey of Macedonian soils did not exist in practice. This means that soils were unknown in terms of their properties and spatial distribution.
Three periods can be distinguished in the creation of the soil maps of Macedonia (Filipovski 12):
1. The period between the liberation and the proclamation of state independence (1944-1991).
2. The period from the proclamation of state independence to 2012 (1991-2012).
3. The period of finalization of the soil maps (2012-2015).
1. The period between the liberation and the proclamation of state independence . In December 1944, when Prof. Gj. Filipovski was appointed as Head of the Institute of Agriculture in Skopje, Macedonia got the first soil scientist. Still, during the first two years after the liberation, there were no conditions to begin with surveying and mapping of our soils. The Institute of Agriculture had no equipment for field research of soils, there were neither means of transport nor financial means. The chemical laboratory within the Institute had supplies for regular functioning. The necessary conditions were met in 1947. It was then when Prof. Filipovski started with the surveying and mapping of the soils of Strumica valley. Research results were published in 1949 (Filipovski [1] ). Those were the first data on our agricultural land to be published after the liberation.
This period preceding the proclamation of state independence can be recognised as the most productive in mapping of our soils. Only a small part of the soils of the country remained unresearched and unmapped. With regards to soil mapping, this period can be divided into two subperiods: the first between 1947 and 1963, and the second between 1963 and 1991.
In the first period (1947) (1948) (1949) (1950) (1951) (1952) (1953) (1954) (1955) (1956) (1957) (1958) (1959) (1960) (1961) (1962) (1963) mainly the agriculture soils of our valleys were surveyed. For this purpose, adequate financial means were allocated from the government budget, as the rapid development of the country required the necessary research of soils. The results of these soil surveys were used for the needs of hydrotechnical ameliorations (irrigation and drainage). They were also necessary for improving the agricultural production (cultivation of perennial plantations of vineyards and orchards, in the implementation of different agrotechnical and ameliorative measures (especially in irrigation and drainage), etc.
These researches were abundantly funded especially by the Republic Institute for Water Management and the Directorate for Water Management. During this period, institutional, personnel and financial conditions were created for a very intensive and successful research and mapping of our soils. In 1947, within the Faculty of Agriculture and Forestry, the Department of Soil Science and Agrochemistry was established, which was initiated and headed by Prof. Gj. FilipovskiI for many years after. For the time, the Department was well equipped for educational and scientific work and it became a breeding ground for new soil scientists. At the same time, it worked intensively on the research and mapping of our soils.
During this subperiod, the other above mentioned institutions that took part in soil mapping, were gradually established.
During this subperiod, the research and soil mapping of the following valleys were undertaken (in alphabetical order): Belčišta, Berovo, BitolaGjavato, Valandovo, Veles, Gevgelija, Delčevo, Dojran, Izdeglavje, Kočani, Kirva Palanka, Kumanovo, Ljubanište, Ovče Pole, Ohrid, Pelagonija, 2. The period from the independence to 2012 (1991-2012). Unfortunately, this two-decade period is not characterized with intensive soil mapping due to lack of funding. This period is characterized by the following: а) mapping of small parts of Macedonian soils that were not researched until then; b) completion of some works that enabled the final realization of the Project in the later period; and c) search for funding for Project completion.
During this period, first of all, the mapping of the territory of the Republic of Macedonia that was not researched was completed for the following regions: Mariovo, Kičevo and Polog valley and the mountains of Galičica and Jablanica. For part of this territory the soil maps were missing, and for the other part the mapping was not with good quality. M. Andreevski, D. Mukaetov, D. Petkovski and D. Popovski took part in the mapping process.
During this period, the following tasks that enabled the completion of the Project in the later period took place: а) in 2008, with the assistance of three of Prof. Gj. Filipovski's collaborators, all completed soil maps until then in a scale of 1:50 000 were gathered, together with the soil studies for these maps; b) a common legend for all these maps which used many different legends was prepared, c) MASA published several monographs of Prof. Filipovski that were used in writing of the text -Study book of the soil map of Macedonia (Filipovski [12] ). They were also used in the writing of the texts -study books of the soils of the ten regions of the country; d) of particular importance was the monograph on classification of soils from 2006 (Filipovski [13] ) which served as a base for composing of the common legend for all maps.
This legend was composed in correlation with all previous cartographic units, with taxonomies of that classification. This classification is also correlated with international classifications; e) following the publishing of the monograph "Soils of the Republic of Macedonia" (for the period 1995-2004), several PhD and master studies were completed, as mentioned above. They were also used in drafting the soil studies and soil maps.
During this period, and in particular after 2008, when the necessary works on the Project completion were finalized, intensive efforts were made to find funding, which were unfortunately unsuccessful.
3. The period of final Project completion (2012) (2013) (2014) (2015) . During this period, the following final tasks were completed: a) application for and received funding and experts' assistance from FAO; b) for the purpose of Project completion, a team of 8 experts (previous contributors to the soil mapping) was established.
Following our written request, the FAO (an organization of the United Nations) expressed interest in funding of the final works for Project completion. They sent an expert who was acquainted with all available scientific data. Following his positive feedback, an agreement was signed between the FAO and the Ministry of Agriculture, Forestry and Water Management, since the FAO as an UN organization can sign agreements only with governments or governmental bodies. In parallel with the agreement, a programme for Project com-pletion was drawn up. The FAO approved the necessary funding, expert support and a corresponding equipment for completion of the part of the Project related to digitalization of the soil maps and creation of the data base on soil characteristics.
Subsequently, a team of 8, still active soil experts, who took part in the process of mapping of our soils, was established with the purpose of completing the Project. Their names are mentioned in the introductory part. Two more lecturers from the Faculty of Natural Sciences (Institute of Geography) joined this team: Prof. I. Milevski and Prof. S. Gorin, who helped in the process of development of topographic data set and preparation of soil maps for printing. During this period, the team of these 8 soil scientists completed the following tasks:
1. Finalization of the process of soil mapping, with soil survey of few remaining parts. This means that they completed the soil maps for the following sections: Prizren 4, Bitola 3 and 4 and Gostivar 1, 2 and 3. This task has been completed by four members of the team of soil scientists (M. Andreevski, K. Vasilevski, M. Markoski and J. Mitrikeski).
2. All non-soil digital data necessary for completion of the digital soil maps were completed.
3. A set of 62 soil maps in printed and digital form in a scale of 1: 50 000 and one for the whole territory of the country in a scale of 1: 200 000, was completed 4. The digital geo-database on soil characteristics was designed and created.
5. Previously completed common legend with cartographic units for all soil maps was adopted.
6. All soil study books containing soil survey results of all 10 regions and one for the whole of the Republic of Macedonia, were finalised.
7. All soil maps with soil study books were published.
8. An internet Web Portal was created in order to enable the use of the soil maps and soil properties data to broader audience.
DIGITALIZATION OF SOIL MAPS AND OF DATA BASE ON SOIL CHARACTERISTICS
Within the process of digitalisation of all soil survey results and soil maps, the Macedonian Soil Information System (MASIS) was created. MASIS is a soil information system that was established in accordance with the EU standards (EUCBN). It represents a modern digital geo-database where soil data as a whole (numerical and graphical) are integrated with the other natural variables. Data base organized in such a way represents a good source of information for the final users, and at the same time the system allows further development and upgrades of stored data.
Besides integrating of soil data, their characteristics and their spatial distribution, MASIS's main role is, by implementing of models and various geostatistical procedures, to produce:
 Various thematic maps that facilitate the localization of the spatial distribution of certain soil characteristics.
 Initial maps on soil suitability for cultivation of particular crops.
 Maps on risks associated with soil degradation in order to identify regions subject to different risks, to quantify different risks, and to estimate their impact on the agricultural production and the environment.
 Maps on spatial distribution of: pH, CaCO, organic matters, clay, dust and sand.
The vision of the MASIS system is to become an integrated electronic system, for efficient management of farms and agricultural production, with the aim of sustainable use of natural resources and environmental protection.
The soil maps that are integrated within MASIS are in a scale of 1 : 50 000 and represent the spatial distribution of the soils and borders among different soil mapping units and complexes. Beside this, the system contains soil characteristics data. In the frame of the interlinked data MASIS gives the spatial distribution of the soil types by hectares and percentages in a network of maps in a scale of 1 : 50 000, by municipalities and river basins. D. Mukaetov and M. Markovski were the major contributors to the process of digitalization.
PROJECT PROMOTION
The Project results were presented to our professional and scientific community in the spring of 2015 at the Ministry of Agriculture, Forestry and Water Management, and in spring 2016 at MASA. The history of the research and the difficulties during Project completion, the research results and the results from the mapping of our soils, as well as the digitalisation of these results, were presented by Acad. Gj. Filipovski, Prof. Dr. J. Mitrikeski and Prof. Dr. D. Mukaetov.
